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Sir: 

DECLARATION OF MARC SABOURIN 

I, the undersigned Marc Sabourin. am the inventor named in the subject patent 
application. 1 am presently the manager of the R&D laboratory of Andritz Inc, in 
Springfield, Ohio, and have held that position since September 1999. Andritz Inc. is the 
second largest woridwide supplier of thermo-mechanical pulping (TMP) refiners 

1. I have been employed in research and development relating to the 
conversion of wood to pulp, for over fifteen years. During that time. I have been the 
sole or co-author of over thirty technical papers that were presented and published in 
internationally distributed journals, including Tappi Journal, Joumal of Pulp & Paper 
Science, and Pulp & Paper Canada. 

2. I have authored several papers reporting results of the development of the 
subject invention. These include (1) "Optimizing Themnomechanical Pulping of 
Southern Pine Species Using a Compression Pretreatment", TAPPSA Ninth Biennial 
International Conference (1998), (2) "Evaluation of a Compressive Pretreatment 
Process on TMP Properties and Energy Requirements". Pulp and Paper Canada 
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(2000), and (3) "Mill Scale Results on TMP Pulping of Southern Pine With Pressunzed 
Chip Pretreatment". 87"^ annual Pulp and Paper Association of Canada (2001). 

3. The claims of the subject application as presently amended are directed 
only to a method for producing thermo-mechanical pulp (TMP) from wood chips. In this 
regard, each of the independent claims requires three distinct operations: (1) 
pretreatment by conditioning and compressing the chip feed material at particular 
environmental conditions. (2) preheating the pretreated chip material, and (3) refining 
the preheated chip material. These three distinct operations and examples of 
associated conditions are disclosed in the specification on page 3, line 25 (pretreatment 
at 15-25 psi in conditioning component 3 and compressing component 6 of Fig. 1); page 
12, line 5 (preheating at a temperature above Tg in preheat system 15 of Fig. 1); and 
page 1 2, line 5 (refiner 1 0 of Fig. 1 ). 

4. Thus, "pretreatment" as described and claimed by applicant, is very 
different from "preheating". These are performed in different chambers, at different 
environmental conditions. The conditioning at elevated temperature and pressure and 
compression at elevated temperature and pressure produce a synergistic effect such 
that the fibers, although destructured, remain pliable, i.e., they do not become so friable 
as to cmmble when rubbed between the thumb and forefinger. In this context, 
"destructured" means high levels of axial fiber separation, and "without significant 
breakage across grain boundaries" means most fibers retain their length in the 
longitudinal direction. This is illustrated in the figures of the application. 

5. The improvement attributable to the pretreatment environment with 
saturated steam at elevated pressure (superatmospheric steam) of Example 1 of the 
application relative to Comparative Example 1, is set forth starting on page 20, line 24 of 
the specification. The significance is also demonstrated by the data and conclusions 
appearing in Exhibit 5 of the Preliminary Amendment filed January 10, 2001, and the 
discussion in the Remarks portion of that preliminary Amendment. 
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6. In the Preliminary Amendment filed January 10, 2001. applicant 
emphasized in the remarks, and gave an example in the paper submitted as Exhibit 5. 
that practitioners in the relevant field routinely use "psi" when refemng to "psig". In my 
experience authoring numerous technical papers and engaging in technical discussions 
with scientists and customers, when referring to operating a plant, "psi" does not default 
to "psia". rather "psi" defaults to "psig" and in the exceptional circumstance when 
absolute pressure is of significance, the unit "psia" would be employed. I have attached 
as an example, a copy of the paper entitled "The Effects of Running Pressures on TMP 
Properties in a Two-Stage Process" from the Journal of Pulp & Paper Science, Volume 
11. No. 1. (January 1985). The authors are from the Nonwegian Pulp & Paper Institute, 
and as is typically in Europe, the pressures as specified on page J30 (80 to 180kPa 
corresponding to 116-131 degree C) do not carry a further indication of gage or 
absolute. This is because readers would clearly understand that a pressure specified in 
a plant-operating context, defaults to gage pressure Moreover, for the particular values 
as specified in the paper, BOkPa = 11.6 psi = 26.3 psia, which corresponds to 116°C in 
a steam table reference. Similarly, IBOkPa must equal 26.1 psig, which converts to 
40.8 psia and this is the pressure corresponding to 131°C as taken from such steam 
table. The pressures shown in the graphs in Figures 5, 6, 7. 10, and 11,12 and 13 
would similady be understood as referring to gage pressure. I note that the correct unit 
expression for pressure in the metric system is a pascal, which is abbreviated as Pa; 
therefore the "a" does not refer to absolute in this unit. 



7. I also refer to page 17, line 14 through page 21, line 6 of my patent 
specification. It is clear that the purpose of the discussion and associated Table A, is to 
show that Example 1 (pretreatment in a 22 psi and 128°C saturated steam environment) 
produces noteworthy improvement relative to Comparative Example 1 (pretreatment in 
an atmospheric saturated steam environment). The pressure of 22 psi can only mean 
22 psig, because only 22 psig corresponds to the specified saturated temperature of 
128''C in Table A. The Examples in the specification provide the only disclosure of a 
specific pressure and associated specific temperature. Thus, if 22 psi corresponds to 
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128°C, in the Example, and the saturation temperature at 22 psig is 128"'C. then one of 
ordinary skill would realize that throughout the specification, "psi" means "psig". 

8. Furthermore, the Table in the Preliminary Amendment filed January 10. 
2001 contains several data points from a technical paper (number (3) in the second 
paragraph above) in which the present inventor was the principle author, showing that 
when "psi" is used in this field of technology, gauge pressure is intended. 

9. In my professional opinion, the description enables any person skilled in 
the relevant field, to make and use the claimed invention. Such person would leam that 
pretreatment before preheating and refining, comprises steaming at saturated steam 
conditions above atmospheric pressure, followed by high compression in a saturated 
steam environment above atmospheric pressure. He would leam that for the process 
condition that is most easily controlled, i.e., pressure, the magnitude should be at least 
10 psi but not high enough to produce significant darkening of the lignin, and preferably 
in the range of 15-25 psi. 

10. The glass transition temperature (transition in viscosity) of lignin, is not 
directly conrelated with thermal darkening reactions. Although certain molecules in the 
lignin do darken as the temperature of the lignin rises, researches have not established 
any link between viscosity and thermal darkening. According to the seminal paper, "On 
the Characterization of Pressurized Refiner Mechanical Pulps", by D. Atack of the Pulp 
and Paper Research Institute of Canada, presented at the International Symposium on 
Paper Pulp Characterization, Ronneby, Sweden, May 24 - 26, 1971, 'The glass 
transition temperature, often referred to as the softening temperature, is a characteristic 
temperature at which an amorphous polymer such as lignin undergoes a major 
reversible stnjctural transition from an almost elastic glassy state to an almost elastic 
njbbery one." The author states that the glass transition temperature is dependent on 
the bar crossing frequency in the refiner, and that "it may be estimated that under 
refining conditions lignin in moist spruce chips softens somewhere in the range 120 - 
135 degree C." 
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1 1 . Thermal darkening is a function of temperature, and time at temperature. 
Thermal darkening reactions can occur starting at about 100"C. which is below the 
typical glass transition temperature. Moreover, the glass transition temperature itself for 
a given material can vary depending on. as a one variable, the stress of the material 
during compression and the beat frequency experienced by the material during 
mechanical refining. Stressing the material in this way evidently raises the glass 
transition temperature. 

12. Thus, in my opinion, whether the material temperature during pretreatment 
according to my invention rises into the range of 120-1 35°C is not the sole, critical factor 
in discoloration. Tg in this context Is merely an indication that the material is at a 
temperature where care must be taken regarding the time exposure to avoid excessive 
thennal darkening. It is not a rapid discoloration effect that occurs once the lower end 
of the Tg range is reached. 

13. Nevertheless, the invention encompasses a temperature of the material 
into the range of Tg because under compression we want to separate the fibers at the 
fiber walls. Significant lignin is present in the fiber walls. Thus, the lignin should be soft 
enough that separation will occur at the lignin, but the combination of time and 
temperature at these elevated temperature conditions should fall within a window of 
effectiveness. In my invention, the purpose of operating at superatmospheric pressure 
is to produce a temperature in the material that will significantly soften the fiber such 
that fiber separation will occur without rupturing the fiber walls, while avoiding such high 
temperature that there will be an associated significant degradation in color. The 
claimed range of 10-25 psi specifies this most effective window with 15-25 psi being 
especially preferred. 



14. In contrast, for chemical pulping, there is no concem about darkening 
reactions in the lignin during upstream processing, because the chemical treatment in 
essence dissolves the lignin, which is no longer present in the pulp. In TMP refining. 



however, the fibers are separated from each other but lignin material remains with the 
separated fibers and if any of the processing produces discoloration, this will be evident 
in the resulting pulp. This is the reason why, in my opinion, practitioners in the realm of 
chemical pulping would not be expected to think carefully about the effect of upstream 
processing on the lignin in the feed material. Similarly, practitioners in the field of TMP 
would not look to upstream processes associated with chemical pulping, such as 
disclosed in Prusas. because they would not expect to find any teaching in the chemical 
pulping that would assist them in improving pre-processing with attention to minimizing 
discoloration due to lignin darkening. 

15. Furthermore, in order to maintain the quality of the resulting fiber, 
breakage of fibers across grain boundaries is to be avoided, notwithstanding that the 
chip material undergoes tremendous stress in the screw press. The elevated 
temperature associated with superatmospheric pressure in the specified range claimed 
by applicant, not only enables the fibers to separate, but this preferential separation 
avoids the excessive stresses across grain boundaries and therefore produces the 
effect recited in claim 31, i.e., "destructuring said fibers without significant breakage 
across grain boundaries". In the examples given in the Prusas patent, there was 
significant breakage across grain boundaries. In my opinion, even if a suggestion were 
made to one of ordinary skill in the field of TMP, to the effect that pretreatment could be 
accomplished in a compression screw running at the very high temperature condition 
suggested by Prusas. such ordinarily skilled practitioner would immediately realize the 
danger of discoloration and would not have reason to analyze the situation further to 
arrive at a window of pressure in the range of 10-25 psi. In my opinion, it would not 
have been obvious to recognize that the combined benefit for TMP pretreatment of 
separation of the fibers and avoidance of significant breakage across the grain 
boundaries, without significant discoloration, could be achieved simultaneously. 

16. None of the prior art shows a TMP system or process, having the three 
steps of (1) pretreatment of wood chips. (2) preheating of wood chips, and (3) refining of 
wood chips, wherein the pretreatment is performed at superatmospheric pressure, let 



6 



# 




alone at pressures in the range of 10-25 psi. My invention concerns the pretreatment of 
wood material, particularly wood chips. Such material is different from pulp. According 
to the well-accepted definition, "pulp" is a distribution of fibers with sufficient exposed 
cellulosic material for interfiber bonding. 

1 7. Pulp for papermaking can be produced from wood chips entirely by one or 
more series of mechanical refiners (e.g.. to produce TMP pulp), or by digestion or 
cooking processes (chemical pulp). Commonly, chemical pulp is further processed by 
mechanical refining at atmospheric pressure, as a finishing step, before bleaching. This 
is exemplified by U.S. Patent No. 5.244,542 "Pulp Treatment methods". (Minton) where 
the process for producing pulp from chips by cooking (e.g. discussed at column 1. line 
68 to column 2. line 4) is identified as a background step to the claimed processing of 
such pulp to produce the desired "kinks" in the pulp . In my professional opinion, a 
screw press operating even at high compression ratio of 8:1, could not produce 
permanent twists and kinks in the fibers of wood chips . 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and that the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 




Marc J. Sabourin 
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The Effects of Running Pressures on 
TMP Properties in a Two -Stage Process 

byJWBRlLLandaHAUAN 



In ordtr to makx tht ^esz utt of 
the steam gcnenud in tht TMP pro- 
cmii. many milb today warit to inertat 
The refining pre'^n:. R^rulti />Oin tri- 
al TUJU in dtfftrtnt zwo-jtage. lingU- 

cnasad dtiJ'^nct between the how 
int and tha ffd.T zone pretsurat sp- 
panntty promotei an inertaied due 
cmranea. The cause of ihU t dis- 
cusicd in the r«r The effect on the 
pulp qmtity it sraatL At eqwl fremw 
laveU the strength properties seem to 
increase fUglnty at a. cast of a de- 
creasing scattering coefficient. J he 
long fibre content U alto affected to 
some dtiree: for low preheat^ pres- 
sures it decreasat. for higher prt- 
heatiitg pressures it increase*- 



INTRODUCTION 

the high WJctay conwmptlon of the 
TMP proccH u«m to bm dhmnuhea. 
Tha main cause of 1» • better uil- 
Uzatlon of the gmeimtcd *te»m, Moit 
laodeni TMF^niUs run with piMJur- 
Ixed refbi-n, bectus. th. Oicxev^d 

foni. how does this in£lu«noo the re- 
fining process «nd ulwn>tely th» pulp 

quaUty? J „ ^ 

In Norway pressurized rellnars 
■ra only found to the i\rt rtaga of two- 
stace syMotM. Tbare arc three iwch 



oUnw. The two new 6n«> (from 1981) 
ire equipped w,th Sund. Deflbraior 
58" refincrt and the old«l one (ffom 
1977) With Jylhiwara 48 rctine»- 

The Nor*eg>an P«lP 
Research Injtitut* (PFl) h« * 
iecl going where one of the aims is to 
iflvwrtaate the effect, of different run- 
ning prenures on tefimng paramtten 
and pul» quality. Trial runs h«*e been 
made in the ahove^eniioncd mills 
and more are pUnned. The dau d»- 
cuaacd in thie paper baaed mun^ 
on a trial «eriei mada at Not*e 
Slcoginduairler'a TMP-mill in Skogn 
The conelusiotu are, however, backed 
up by dau from other trial runs. 

EXPERIMENTAL 

Fig. i showa a rough sketch of 
live refiner lyatom in NoT«ko Skogin- 
du.tiier'1 TMP plant. In stage 
tbef« are 4 Sundi Defibrttor au* 3« 
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i.W ifin and S. Hauan 
The NofiP^giafi PulP ^^^^ 
fUsfttrch inuitut* 
P.O. dox 2S0 
Vindertn.Oftlo 3 
Norway 



pressurized rcfmets and in the second 
st»e 3 RL Sg op»ii dischtrgc ref^«" 
The dUc diameter is 1450 mm. Under 
chft trial ruiw only refinort numbered 
1 1 >nd 6 used. Pulp samples 
were collected from the blow pipes ot 
live flirt sugfi refiner* and from the 
pulp channel under the "cond Stage 
refiner. 

The triAli were runs usinC chiOS 
from Norway Spnicc (s^wmiU chip* 
mostly)- Tho chips wcje screened 
through a 45k4S mm grid to letndve 
qv«inil6 Chip*- In order to estimate the 
chip quality vaiiationfi* sampUi ^cre 
coUecud before and after Wto of 
trial runs: The analyu* of the*e samplei 
Showed a vaiittion of the finw content 
between 0.6 and 3.1% meagured in a 
STFl^type chip ciaaslflcr with a 3 mm 
hole bottom icx»«n.Thi». undoubtedly. 
Introduce* an unitnown degree of un- 
certainty in the r«ult«. 
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O1080 kWh/t 



OJffcrtfttial pressure (kPii) 
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-100 
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2. atab^ refining 



^ 400 kWh/t 
• 550 kWh/t 



Fig. 2. Th. pc^ur- in th. firxt ^ .^T'l^^;;^,^^^^ 
ton. P'«»u^-''h-Ha«dna pr—«'--P«>-^^ ' 
Rof Ining win* P*^ 



p;g, 4. Th« run «hmti«. 



Rotor position 
9«n£or 




Disc gap 

( 115mm from 
periphery ) 



Thtt dWw ■learaA«« MACOft, 



The flnt uasc refining system is 
»chcmflrically shown in Fig. 2 T^c dif- 
feiont prettures vc here defined. The 
-disc gap" sensor and ihc rotor posi- 
lion Knsor ar« sJ^own in Fig, 3. The 
dLfferential pteaauro is detlii«<J In thia 
paper ai ih« preheaier pressure minus 
the housing pmaure. For the tfial xun* 
described, ihc differential pwwure is 
always negative. (W, hav« to wiume 
that Che prefacatcr pi«S5Ure is of ip- 
proximnely tha Mm* magnirud* as 
the feeder zone pressure, because we 
did not have mean* co measure the Ut- 
tar.) 

The trial-»chcme U ihowcd in 
Fig ^hlle luepin* t^e pi«Keaief 
pre^re at conitani levtls (80^ to 180 
IcPa correspondina to 1 16-131 C), the 
housing and in consequence the differ- 
cntial prcHure was aitored (between 0 
snd -1 50 kPa). The sp«ific energy was 
held at a constant level in the first 
stu«« ^hile three different leveU ^^ete 
nin in the second stage. The produc- 
tion rate wu.dt all time* constant. THe 
discharge consisteiiciea varied between 
. 35 and S0% for the first staga refinen 



and between 21 and 2S% for the $ec^ 
ond stage refiner. The dUc segments 
w&re considered to be in normal con- 
dition. 

AU the pulp analyses were made 
according to the SCAN-iesi norms. 

RESULTS AND DISCUSSION 
Pafining Paramwars 

What happens in the refiner 
when the running pressures are al- 
tared? The trials have shown thai at an 
increasing differential pressure, the hy- 
drauUc load U reduced. shown m 
Fig 5 there is a Unear relationship be- 
tween thefe panmeters. This reUtlon-. 
ship seema to be independent of the 
pressure level of the prehaatcr. The hy- 
draulic load was dropping I ItN for 
each kPa increasad differential . pre»- 
surc. The cauae of this reduction ii ob- 
vious! If the feeder lone pressure is 
^,kept constant, an increased housing 
preeiura wiu pren the rotor dUc against 
Uha suior diic, Thua raducing the noed 
ffof hydraulic load in order to keep the 
'energy consumpilon constant. Tha 



disc area is approximarely 1.6 m As- 
suming that the feeder xone and the 
piehcater pressures are of the same 
magnitude (the feeder zone pressure 
will of course be somewhat higher), this 
means for each k? a increased differen- 
tial pressure, a forca of 1.6 kN is at^- 
plifid on the rotor disc. Subtracting the 
hydraulic load drop of l.O kN from 
1.6 kN, the averH«B pressure rise be- 
tween the discs can be calcuUted to 38 
kPa for each 100 kPa rise in the differ- 
ential prassure. 

Incresalng the differential presr 
sure led to an apparent increase in the 
disc clearance at a constant energy 
consumption. The measured values for 
the *'disc gap" »nd the rotor position 
shown in Fig>- 6 end 7. Th6 devel- 
opment of th* x«tor position is In 
agreement with the results Sundhohn 
and Mannstrom have reported from 
their PRMP-ttials t U . although these 



Hydraulic load 
at 1060 kWi/t, kN 
500 



400 



300 



-60 -100 
Differential pressurd. kPa 



idtt^aran^ 



F^- S. Hvdreulte teed v a inaa M 
tlal pra^if« at ittiuaaitt eiMJiy. 
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atnfi praflJrt on disc p»r»UHllom. 
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_.i,nt at laO CSF *• *■ 
pig. lO. Sh.«- r,2!lL pr.hMO' 

IjiMurai A 130 kPli vrm- 



tnai, wei« m«Jo on > double dUc re- 
finer. 

Why should an ina«a»««l pros' 
^ difference lead to uicr-wed dUc 
deatinco? A poBible «Mwer to tWs « 
SSrr disc par*Uelli»m. Left look «to 
^ refiaei at «cto housin* P«.ute. 
Now, the total load on th* rotor due is 
aopUed through the roiot sh««. Si<»" 
the w*ll-to-«vall duwnce In the ccnWil 
part, between the discs, i.e. in the 
breaker bar wne. U much sreaur than 
along the bar perimeier, U is obyu>us 
thai ihe rotor disc wlU bond: This a 
jchemailoally Uluatrated u» FH- 8: 

A.» increased differential pres- 
sure wlU, »i mentioned above, 
lead to reduced load on the sh»ft 
Ctoydraufic load") and ^. more 
Leily spread load on the tota^ 
due area. Thi* obnously ^ 
2^ij;re« the rotor di^^ 
.gain lead, to * higher degree of 
dtaTpartUellism. This could ex- 
ptaL ih- l«c«e«ed disc cleaimnco 
SSlred by the rotor pos^ 
,«^. The disc cifiM^ mt^ 
Aired by a "^'^ »^ 



Lonfl f»«r eoment (•ao) 



wouW be vejy dependent on the 
senior's position. If it is situated 
very close to the disc 9«aMttz 
» deaeasiiU! clearance would be 
expected, mor. towards the d« 
centre aa increasin* clearance 
would be exp«cted. 
The eao«y consumption to a 
given freenesi seemed to be more or 
la unaff^otod by «i mcxea^ drffer- 
entlaV preseure. Possibly thete is a 
jllAt increwe which probably » com- 
peSated by the higher vjaue of the 
produced steam. The pre-he.ter prta- 
,uro affected the energy conwmptlon 
,j expected. This l* «howD in Fig. 9. 

PULP QUALITY , 
If it is true that lnor««ed di««|[ 
tnttol presrue lead- to ahtther dejt^J 
Sf dUe permlleUlim. one would txptC^ 
i better and aentlar ^""S vLh J)!! 
fibre materiali i-e. more JlbriUanon 
and less Tibtw shortening. The reeults 
flop, the pulp analyris partially con- 
firi this, even if the cb.^ 
tt^elv small. The properties of the 
S.«,nd W P»lP « *° subsequent 
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11 Lowe ceaaew* e tHO " 
fl^" dHferantial |M«m>wm et di»fe«« Pf^ 

heetin« P»— ° ^ p-umMK 

sectors compared at a given fieeneas. 

While the shires conteni was 
lUshtly reduced at Inciiased different 
lild pressure (Fig- 10), the ^i i^^^ 
content seemed to increase wtfh 
oreesing differential pte«nir« for 13Q 
and 180 )tPa preheeter prtMures and 
decrease for 80 kPa prtUeater prowae 
(Fig. 11). This was the ca» for both 
;30 >nd +1* fhictions. The 80 kPa 
curve can probably be explained by In- 
creased fibre cutting due to uoatebto 
Sfteixig ceuaed by increased badt-flow 
Steam volume 

The len«il« *txttn«th eS shown in 
Flf. 12 seemed to increase ^fr ^^ 
h2l*r dlfferencW pmss^Ttt. (It has 
b^seol also in oth«x indusnul tmi» 

- J31 




that low preheating prc»jures c»n «iv* 
ItronU pulp. tb"» b'e*^' pr«««urc,. 
1^. wUl bt studied further m future 
trixli.) The tear »trtnfth " * 
iMtf 13 followed the tcnsilo tinsnstn 
L„2nun. at .boa. loo m but 
^liffoTcntUted the 80 and 130 lcP« 
pulps due to 1 dlffei«nt long fibr« con. 
f.ni f see Fl« 1 1 )• The Ught scatterinu 

oressurw and mote with decreasing 
jSe. pressure. E""^;'^^- ^.^^Z 
ever, hevt shown increited U<bt .cat- 
icring at higher differential pressures 
so no cl"f conclusions can be dr>wn. 
The brightness was not sigjxifieantly 
affected by the iunnin» pressures. 

CONCLUDING REMARKS 

Within the examined preaurc 
ranfte the trials have shown that In- 
c«;^raift— e between the ho^ 
ins pressure and the feeder xone prtt- 
Je possibly P"-*"'" 
p,rallelUsm. The pulp <»«'l»V,'f «^ 
ly aff*etcd..foUo«.-^t.qual ft«n«» 

,L tenrile add tear is somewhat higher, 
h^iwever at the expense of a 
llEht scattering. The sbivts eontent u 
reduced and tb« long fibf* content u 
increased or decreased, dependent on 
the preheatei prewure level. 

These conclusions are mainly in 
accordance with experiences made In 
other trial luni on Sund Defibretor 
»nd Jylhivaera plants. However, more 
trials wUl be tun after the wntung Of 
this paper. 
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